The complete nucleotide sequence of the lux regulon of Vibrio fischeri and the luxABN region of Photobacterium leiognathi and the mechanism of control of bacterial bioluminescence.
We have determined the complete nucleotide sequence of a 7622 base pair fragment of DNA from Vibrio fischeri strain ATCC7744 that contains all the information required to confer plasmid-borne, regulated bioluminescence upon strains of Escherichia coli. The lux regulon from V. fischeri consists of two divergently transcribed operons, L (left) and R (right), and at least seven genes, luxR (L operon) and luxICDABE (R operon) and the intervening control region. The luxA and luxB genes encode respectively the alpha and beta subunits of luciferase. The gene order luxCDABE seen in V. fischeri is the same as for V. harveyi. We have determined the sequence of the luxAB and flanking regions from Photobacterium leiognathi and have found upstream sequences homologous with luxC from the Vibrio species, but between luxB and luxE, there is an open reading frame encoding a protein of 227 amino acids (26,229 molecular weight) that is not found in this location in the Vibrio species. The amino terminal amino acid sequence of the encoded protein is nearly identical to that determined by O'Kane and Lee (University of Georgia) for the non-fluorescent flavoprotein from a closely related Photobacterium species (Dr Dennis O'Kane, personal communication). We have therefore designated this gene luxN. There is a 20-base inverted repeat ACCTGTAGGAxTCGTACAGGT, centred between bases 927 and 928 in the region between the two operons of V. fischeri. This region appears to fulfil two functions: it is critical for the LuxR protein to exert its effect and it is a consensus binding site for the E. coli LexA protein, a negative regulatory protein involved with the SOS response. There are sequences within the luxR coding region that appear to function in a cis-acting fashion to repress transcription from both the leftward and rightward promoters in the absence of the respective transcriptional activator proteins, thereby resulting in low basal levels of transcription. It now appears clear that there are multiple levels of control on the lux system allowing for a modulation of the intensity of bioluminescence of over four orders of magnitude.